This paper systematically reviews studies that forecast short-term traffic conditions using spatial 2 dependence between links. We synthesize 130 extracted research papers from two perspectives: (1) 3 methodological framework, and (2) approach for capturing and incorporating spatial information. 4 From the methodology side, spatial information boosts the accuracy of prediction, particularly in 5 congested traffic regimes and for longer horizons. There is a broad and longstanding agreement that 6 non-parametric methods outperform the naive statistical methods such as historical average, real 7 time profile, and exponential smoothing. However, to make an inexorable conclusion regarding 8 the performance of neural network methods against STARIMA family models, more research is 9 needed in this field. From the spatial dependency detection side, we believe that a large gulf exists 10 between the realistic spatial dependence of traffic links on a real network and the studied networks.
by anticipating traffic conditions. Two strands of research tackled these questions in two discrete 12 time spans. One benefits from the information of upstream and downstream traffic links as an 13 input of the system. The other predefines the spatial dependence structure between traffic links, 14 and embeds this structure in forecasting methods. Irrespective of which strand is chosen, the 15 success of the method heavily relies on detecting the spatial dependence structure. 16 Embedding the spatial components in traffic forecasting methods has been the focus of 17 countless research papers over the past few years. The related literature has compelling evidence 18 to support the potential of spatial components to augment traffic forecasting. Nevertheless, pling the spatial components with forecasting methods may act as either a catalyst or a hindrance. 20 It behaves as a catalyst when actual spatial information feeds the system, and behaves as a hin- This paper reviews studies that fall into the aforementioned two strands of research. Partic- 26 ularly, we delve into the existing research through the lens of a comprehensive systematic frame- 27 work. This approach comprehensively searches the literature, rather than just one part of it, and 28 thereby lowers the chance of bias. Drilling down further, we seek to answer the following questions consistencies and inconsistencies of the findings across multiple studies, and leads to identifying 39 gaps in our knowledge that require further research. 40 Having this introduction, the remainder of the paper is set out as follows. First, we discuss 1 the methodology of the review that we adopted for the sake of literature synthesis. Second, we sum-2 marize the statistics of 130 research papers extracted from the pool of studies with our systematic 3 approach. Third, we review and synthesize the extracted research papers from two perspectives: 4 (1) methodological framework of the models and (2) approach for capturing and incorporating 5 spatial information in the models. Fourth, we conclude the paper with a broad discussion on the 6 lacuna of the current literature, and propose future directions. 7 
REVIEW METHODOLOGY: A SYSTEMATIC APPROACH

8
There is a general agreement on reviewing the literature "systematically" to avoid representing 9 islands without continents. Despite the emphasis on systematic literature review, researchers adopt 10 the following recipe sporadically (1) 11 "Take a simmering topic, extract the juice of an argument, add the essence of one filing 12 cabinet, sprinkle liberally with your own publications and sift out the work of noted detractors or 13 adversaries." 14 To avoid this pitfall, we follow five steps in conducting a systematic review proposed by To capture the potential range of published articles in the field, we identified relevant arti- 22 cles by an electronic search of Google Scholar, IEEE Xplore, and Scopus academic search engines 23 along with electronic library records. The limited coverage time of electronic sources does not 24 cause any bias in our case, as we trace back utilization of spatial information in traffic forecasting 25 methods to 1984. We hunted for studies while considering manifold and distinct search keys not 26 just simply in titles, keywords, and abstracts, but in the text of articles. Although this necessitated 27 double effort, it resulted in extracting a more comprehensive pool of research. The main search 28 keys were "traffic forecast", "forecasting traffic", "forecasting of traffic", "spatial", and "space." 29 We searched for both "spatial" and "space" terms, as they are interchangeably used to describe 30 spatial components in the literature of traffic forecasting. 31 We summarized the study exclusion process in Figure 1 . This process encompasses three 32 steps. In the first step, we searched the literature to extract all articles including the combination 33 of selected keywords as shown in Figure 1 . This search assuredly led to extracting articles from 34 diverse disciplines. In the second step, we executed four distinct assessment criteria to not only 35 exclude irrelevant disciplines, but to only include articles that are germane to using spatial com-36 ponents for traffic forecasting. Thus, we excluded literature about wireless local area networks, 37 internet traffic, railways, and groundwater, to name but a few. We also dropped articles where our 38 search keys appeared in the introduction, literature review, recommendation, and reference sec-39 tions. Concretely speaking, we perused the pool of articles closely and excluded articles which 40 lack implementation of spatial information in traffic forecasting methods. This resulted in 113 1 English research articles. In the third step, we systematically reviewed the lists of references from 2 excluded articles. We then added those research papers that met the inclusion criteria in accordance 3 with the second step. To give the reader a sense of the temporal evolution of the field, we drew the life-cycle We summarized the 130 extracted publications in Table 2 where their key characteristics   5 are provided, such as forecasting resolution, the type of data, number of traffic links incorporated 6 in the study, and modeling framework. The third column of Table 2 shows the implementation of 7 traffic forecasting methods is carried out mainly in North America, followed by Europe and Asia. It has been over three decades since spatial information was first captured in a traffic corridor for 6 the sake of traffic flow prediction (130) . In this section, we discuss the evolution of techniques for 7 dealing with capturing spatial information for traffic forecasting. We take a fairly narrow view of 8 analysis, and delve into the emerged approaches from two conceptual aspects. For each aspect, we 9 elaborate on the nature of spatial components used in traffic forecasting, and identify the notion 10 behind an objective evaluation of approaches.
11
A Naive Approach 
CLOSING REMARKS AND OPPORTUNITIES FOR FUTURE RESEARCH
13
In this section, we intend to deal with the last two questions from the introduction:
14
• What is the lacuna in the current literature?
15
• What directions should research take? 16 To answer these questions, we need to dive into the types of traffic networks studied in • Two links are parallel if they connect the same pair of nodes.
22
• Two links are adjacent if they share a common node.
23
• A link is loop if its two nodes are the same.
24
• A graph is simple if it has no parallel links or loops.
25
• A graph is directed if its links show direction.
26
• A graph is connected if at least one link exists between every pair of nodes.
27
• A ring network is a closed path where every node has exactly two links incident with it.
28
• A grid network is a network topology where each node corresponds to a point in a plane. and time series models for short term traffic forecasting: a comparative study. In TRANS-34
